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(54) SUBSTRATE-CLEANING DEVICE AND SUBSTRATE CLEANING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate- ^ 
cleaning device and a cleaning method which can 
prevent particles from adhering to a substrate, 
irrespective of the substrate being either a hydrophilic 
or hydrophobic. 

SOLUTION: A cleaning solution delivered from a two- 
fluid nozzle 36 is made to splash back in the inside of a 
cup CP, and turns into a mist condition to scatter to a 
center side of a wafer W, but since a rinse agent is 
supplied to the wafer W by a rinse nozzle 35 to form a 
water film 51, even if mist adheres to the water film 51, 
the mist will not adhere directly to the wafer surfaces. 
As a result, it is possible to prevent particles contained 
in the mist from adhering on the wafer W and to prevent 
adverse influences on the wafer W. 
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a. Wimm.r¥yxj\^j: *)mm<^\sm<^'tmizmi^^ti?> 
mims 3 mim 1 t,rz\iwm2 ^zwsL<r>wm 

mimi^mk y xmz x h mw<r>^^i mm-^ xohz 
vmfh^m^\izmm-i> ^ t t:mikt^hmLm» 

mztm/^mmn^^izti \ . 

mztm<r>mmwmmizi5\^x . 

mimwm^ yxMzx-^x s«±tc«*& $ ^t&M* 

[ft ^116 ] 5 (ci£ie(^«K%#sa(cj^ 

mimUfimikyxMi. «mBmthmwyx}Vb-i^ 
mzj»m'^mzmm$tix\-^&:i t i:mmk-r^mmm 

[is*ia9 3 if*3i8tiai8(^«««tjtsistcfcv^ 
mim»yxjutmi^m^yx)Ub<r)^mii5mm-8 



mtmm<Dmmiizmi^^timi^<7)^i: . mRfp't^ 
mzmi^^ixi>m.f^<r>mB.j:K>h^<-t^x oizmm- 

wssd^commntzmm&ii^ti^mi^^ ti^t^ <omi*^m 

1 mi,zmm<7)mmm^msi,zi5 v , 
msmu<r>mtmi,zmsimi^tiimik^tih b^<7)mR<^ 

[ mmm 1 4 3 m^m 1 \izim<^wmm^w.zii\^ 

X, 

m%m:j^m.<n7\^miii X(;^^A\t. 1 0 N 1 /m i n~ 
2OON l/mi nT'$)SCi:S:#^i:t--?.a«a#il 

a. 

[ mm. 1 5 1 1 4 tc^o^istj^ssatcts 

m^wm.<ny^-W^fSxaMMt^ s on 1 /m i nT 
J) ^ ^ 1 2: fc -r ^ aMjft?t^a. 

mffa?R*«*&yX;Pt J: oTWISSit-SlfriameOiSLa 
0. 5 l/mi n~l. 2 1 /m i nT'*>-&Ci:^r 

^i:-r-i.»Ki5fc?f^a. 

tl«*« 1 7 1 l«*3a 1 6 lclBa<^^i!ty*Siaicti 

H5ia?ffif*c«*#y X;l/C0j$S{4. 5 mm/ s e c -3 0 m 
m/s e c-Cfc&^t Sr#1a^:^6a«^^!^$la. 

[ii^js 1 8 ] mfm 1 \,zwmmm»^mzii\^ 

X. 

HdlBS^tfOig^Sctis 3 0 0 r p m--5 0 0 0 r pmT' 

mm. 1 9 1 msL^mmmz^wth mmmt^ 

w^-thmm.i.-kmimziii'm^mzmthix. wm& 

m^m■hm^JX1Vb-mi\.z'ils,m^m\zwm.^ 
ix. mmmyxMzxhm^<nmz. ««±tcmsr 
«*s \^wsiiL\iZTm^mm-h^ i <m^^'>/kyx)v 
t, 

mmrfyxMzjihm^comiz, msMWL<7)m^<r>& 

m±^zmmi:mjs,-t^m2comii^m^yx}Vb i:mmt 
hzb mmbi-^mimifms. 
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[ ntkJS 2 0 ] 1 9 izss&<r>mm.immmi>zti 
tfriem2<oM*«*&yx7w:j:i.?s*<ofit*&*i^d 

I nsm 2 3 ] if 2 2 izms^commm^um^zn 
(3. msmi^<^m^^mi^-t&T.mi:3EizMm-^^b 

(000 1 ) 

mR(/mLim:fjmizm-th . 

[0002] 

[00031 7* h'J V^^^>'^IStct3l,'>T 

tJtO-r^&Jti^iO^-yri^ilOxyNfritX^L; C:i0;«r y 
L^*^'^, l2lte-r-5.:/5>'Sr'>X7\±BCSg^L'50'> 



'>xyN±Blc#«tfc>'N-X'f )m<r>mmi^i:\^ 
-ri. X ^' 7 y ?5t#*^^Ti5ixX V ^ ^ . 
[0 0 04] jfi^-C-{i, Jic^x^'^yijferl^fciJV^ 
T, |Bie7"7McJ:S«tvt5t'ttT:5r<- mx.\t^:iif\±. 
\,zmumm7^'^. ^vStt^X i: M7j<i: 5:^-^ L/^ig-^ 
( 2m) ^S-/X;H2J: 0 y MSItL, <fc 0 

tf, !»it:S:it;i#Ba. ) . 

[0005] 

[#i**iK 1 1 10-156229 mm ( EI 1 

[0006] 

gfeJf7j<^2»!J(*J«tO^?f?ffi$:>-'x -y hutttfOxyN^ 
gt?t-r-I.J®-^. !|tlC'>x>N$rJ|X?gt5t;ir-yTcO|*iaffl-C' 

[Zl 0 . SIS^ •yrfiO|*ligffitl#«L7t^N-7"'f ^'/t^ 
Zcr>Xol,z^^m.(^'^tLtzf^-^^i^)V 
A^'>x>'\(c#*-r-S. -r^i^^, 2|s:*;Jr-yr{4, '^XVN 

[0007] CICT)*!-^. Mi.tf^aai^l^TfcS'^xyW 
iK*tt<^'>xy\-cS> S . '^xysfc^^ Lit-'t- 
■r ^';US:#tf^^?0E<O'>x>'s«Mtc*rf S^ftHAj&^/JN 
$ < . Sil^«fe^f^^S{i:^^•-x ^ k t C'^x>N*>/t>-iri 

M^t'^feS'i'XJN*«i^?ktt<50'>x>\-c#>«>«-&tc{±. afe 

^,^^^tMt>^>-r'?x/^®A<^ait. '^x-'Niitcitss 
[0008] liJLhcoi a 5r¥fticie;^. *^HBcoaa<j 

[0009 ] 

^^^mzwmhw^w^^h . (iii6-rss«±s:@ 

/uk. mmmy^Mz^hmn<rmz. mm.i}.zm^ 
^m^\^mwii),zmm:j&m^hm.'^mky X}v>L sr^a 

1 0 0 1 0 ] w^J: a tt:imxz^f\}ii. ««±fc:. S«[ 
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[00 11] ii-C. riH^ttiOjftlBISrJBiiJtj fcJi. » 

[00 123 ^^m<r>-<mm>,zxti\i. Miam«*& 

[0013] *f6BJ<7)— <0J^.«l:J:ix»±'. WSsStWyX 

^Mizmm-i. 

[0014] *^H«<?)— <73Jg®KJ:ix{f , mdMmt. 
[0015] z^^mco—comMizXixii, WiiiMtt^^ik 

yxMzx-yxmwLi-izmi&^titmmi.. 'jyxmT 

[0016] z^^m(r>—(DmMi.zXtHf, miSMi^^i^ 

yxMzXr,xmm±.izmMi^titvyxmii. se*-e 
[0017] :^^mco—<7iBmizitni, mB^^wm 

tLXmHimm:!^X^m\-^. ttz. mi'^tLX^7i<^: 
fflV^, ;icr,:ffXcr,\it^Btm7i(.tl,Zj:f)mm<nm»^ 

xoi,zLx\'-^?><o'c, mfyxMzxhm^mc^ 
%\^. zzx\ mw^<^^'ii^^'x</)m.mii. ioni 

/mi n~-200N l/m i nfc-TS. J;*)»it< 
{i. SON l/m i n-C$>l). 
[0018] 3t!:^H3«o— c7)ff^HI(3j:a{i\ Bt|i&?Sf*:^*& 

yxMi. mmwythm^yxii^b-wmz^m^m 

}U±. ms^wrti>m^ yxfi^izM Lmm.'p't-miznm 
St-. miiimyx/\^bmi^mi^yx/ub<^wm. 

L T m.»m^ \itiii-thmwyx)\^(r>mm'^'m , 

a J; 0 t)««t4"i:^IIIIt-*ft2r«*^-r-l. J: d l,ztfz<7)V. 

mus. imyxfUi)<m^mm^*'i^^miz^\-tix^K 
m^Tib-yxi.. ma^mtf^yxMi. ^izmm.mmmz 
mi^i:mtt^LxmmiB^Lx\'^^. m-ox. mzA-/ 

}Vi}<Hmi-^:it^m±x't^. tfi. m^tLx*jy 



[0019] :^^B^(D-<^jBmi>zxixiii. mimm<^m 
mii,zmi^^irihmw(7)^Ai . mm'^^^'mzmtik^tL 
^m.i^(r)m.a.x o t#<-r-s> i o izmm-tt^^"^^^ 
izmm-ri>. ftsv^ti. mEmisifomm^izmumm^ 

{,zm^^tii>b^cr>mw-mi^yx}V'(r>m&x o < 
•ti>xo izmwt^^mi:m^mm-?> . ««io[iNS3i[ 

't^SB t ilisas b x'sjRm^zm uz-t^^b t<x' 
mn±mx-dm'&m^^-><z-th z b t-x-t ^ . z 

ZX\ W.W<7)&i&l,±. 0.51 /m i n~ 1 . 21 /m 
i n i: L. JRf<s«i|i&yX;KOaSJi. 5mm/s e c~ 

3 Omm/s e c t -Tl) CI tAW* LV^. 

[0020] 2|siiB^co— iojgSst- itttf , Hoiaa^cos 
m6izmmi^i}^mt&^ti& b S , a 

^<'rtxdi,zmmi-^^^i:m.zs,mi-?>. zcnxo 
i,zmi^<r>mi^mMi,zMm Lxmm<r>mmmm'S:'^Lx 
v^&«oT\ mmm±(r>m&^'^'oizm^^ixtmi^<r> 

«*&»^ 4''i:^ISl5 i: JSlM^as b -C^Rmizm t^z-t^Zbip 

x'^ht^m, mm^mx-m^&.m^^-i'Z-r &zb *^'-e 

#1.. dCT. 30 0rpm~500 

[0021] 2|£|6HBi7)S^2<^«^W*i.S«ac>t^a 

himyxii-b. mMwm'^m)fyxj]^b-i^mi,z^ 

i6'silglcBH«$^x. HiIiBi5fe«^yX;WcJ:&ijfe#co^tc:. 
«s«*&yX;Wfc, BuiE«feJfFyX;K3j;|,^?f«0^tc. BU 

yxyi^i: b uzmm±izwm^m^-ri>f^2<r>mi*^m 

yX)\^b^Mm-i>, 

[ 0 0 2 2 1 Zicoi a ^mtciHtf, m 1 <0?ffii4;«*& 

izm>i(.'&(r)m.m^m^^-tti:*^^m»m^^iiiLx . # 

t3afe?tyX;l.Jfi^co?SKffM^?iSlC^fi^vv Mtc. ^2 
iTiWii^mi^yXMzX*). ^i.tf«R4''C^SI5tcv8[«:5rtt 

timyii^<7)^mmLfzm^T$>'>x , cicoa^sr 

^oiS'C^^jiCct o?stMt bhizmLcomzmm^ti 

[0023] :¥^m<r>-<ommzxfi\i. mwtnyx 
)Vi}mi^w.(^mm^WiSj,zi^m ltz b^\,z. mtw, 2 
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[00243 *^BJ^oa«•S?f^:^{±. Il]!|g^&»flLh 
cOjRM S: Jl^Bic ^ -It *^ ^. ?S ti ttJ L T Sc?^ -5 T 

is, 

[0026] *5iBjos«?Sftas^;^xAJi. s«±tcu 

tifzmmi.zMmmi'^om.m9mMt . 

itdi^<m.\,z^ mwLk.izm.wi:^^LmLL\,zm.m^ 

[0 0 271 c:i^J:a^«B£fcJ:ti{f. 

sgcat/jaasiat-eiWKm-r i. ^ t ic: i 0 , x/i^-r 

[00 283 

{zm-i^m^M-h „ 

[00293 01 ~03«i*^BJlc^SM^SSM«iav- 
0 2 ti jEffiElS,l>'0 3 {i#ffi0-CS> -1. , 

[00303 ^<r)mmm.9m.i^y^^2^ 1 (4, aiyias 

y 1 0 f: . mmmMf^'^X' 1 fe-To'^xyNWfcEff^ 

x-xgpi 2t$r-*t3gf^L/c«R^2:*LT(.^S. 
[ 0 0 3 1 3 >y 3 >- 1 0 0 1 

-rX 0 tC. X^-lr «y httS^ 2 0±<05lje2 0 acOfflSfc 



xy -b -y h C R I*) iclRJft $ ttfz ^:iiJ\(D^XJ 

m (Z:^[6j) tc^i!)«ISg^'>xyNj)lBli(<s2 1 *>'#»>xyN 

mzm^^tixao. m^?>xdizmm:^'r'->-3y 

1 1 m<om 3 <OfflG 3 <r>^^:3-- <y h gPtrS-f S T 7 
^yhi--yh (AL IM) S.l/^-f i?X7^>'i/3 ^-J-- 
•yV (EXT) t3t,T^'-fe;^T-g'l)J:3lC^-^Tl''l). 
[00323 33yi;^-r->' 3 >- 1 1 T'(4. 0 1 Ic^i^-f J; 

ftfi^ti. ^(r>mot,z±xcomm.jL- y ht^imtfcim 

«G1. G2, G3, G4, G 5 CO^fiaiBS^tfiSTS) 

"5. miS.t/m2«*IGl . G2W^S-3.- y Kiv-X 

G 3 CO^Sjl- y -y VX-r—i^ 3 >■ 1 0 tcP® 

y ji-xmi 2izmmLxRm.^ti. msc^moscr,^ 

5ii^ ±'>xyNaBM»«2 2<o;<>^-r-?-:^XiO;ti6tc^ 

[00333 ±'>xy\l)IKI^Si«2 2{±. fatt^<*4 9 
<^I*lMc. '>xvNS8IISIS4 6S:±T:er(6j (Z:^ri*l) 1= 

#i^i«Et=sifiBL.-cv^.s, ^<^^it«£4 9{±^-^ m 
Tjkit-f) (D^mAizmu^iixti'o. iKD^—^'cTim^ 
igtfi:btcJ:-5T, mu^mmi:^'t-k tx^x.jsm^ 

m.4 6b—WI>zm^L. ^ixlcJ:'5^c7)'>xyN^SIS 
4 6<i, 0lj\^l,zm^^^t^j:r>X\^^. 
[0 0 34 3 m2l,zip-rXol>z, ISltfOfflG 1T{±. 
•yrc Pi*i-C'>x>'\w^;^ty^-V' >y t:K-»i:Tm^<7) 

xhm^^&m^-vh (COT) Ri/:^m^iz^imR 
mwtmt LToa^jra-xc^-y h 5 o*q^*»^>«it^2 

Stc;iiaioilTV->|.. m 2 cOfflG 2 Tii: . 2^<0Xey 
-fSJ&JlJLr: -y h , mtrnm^m^- -vh ( D E V ) 
1 iOfflG 1 1 -y V 5 0 *«T*» 

*>wc:2fiat3afef>ftTv^s. 

[00 353 03tC^F-rJ;dtC, Sg3tf0fflG3T{±. ^ 

j^j\wimm^i,zm^xmM<^9m'k'i7o^~fymco 

(COL) , rKb-i^'3y:3.- .y h (AD) , T^-^ 
j><:^hJLz:>y h (ALIM) . ^ ifX^fyi^By^—-/ 
h (EXT) . yyN'-^^JL-.y h (RVS) Rlfyj^ 
— df-y^^J^— -y b (PRE BAKE) *^miat>fLTV^ 

^4C0jiG4fi;. 5)--7'>'M<7)*[lBi^-y ^ 
X(fT*»'ollitw^-"jyiJ''JL-.y h (COL) *i2a, 
>f ^'^l.T^yv-gy • ^'-'Jy^JL- y h (EXTCO 
L) , -^fi^XxVv-sVJ-::^-/ h (EXT) , rU'^- 
df>':/J.-yh ( PRE BAKE ) aiX^KXh^-dfi^ 
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^a.-.yh (POBAKE) A<*ia^>tLTt^l.. 
[0 0 3 6] .Ic7)J;dt=3!aiI?aKi^ffi»'">^-l»>'^-3-- 
-yb(COL). (EXTCOL) SrTStCiB§L. Ja. 
aiaScO«\,v<— dfV:Xi- /h (PREBAKE)^ 
TKXh'^-df-yi/jLCi.y h (POBAKE) $r±glCE 
g-r & t T\ a.- -y hro'Jc^f^.W'SrfflST^&^-^r < 

[00 37] 7x-X^l 2{±. 

1 2 (niEmmzii^imcoh' y r y r;^-fe ••/ h c r t 

^fiMWN' y 7 r y hBR*i2SlcKa$ix. Wffi 

«i5tti^ias3t^S2 3*<iiiia$<x, (f*a5te«'>xyN 

lK)Ifls2 4*5|S(t'^ixTV-»&. rO'>xyN«Ji3i«i:2 4 
Ji, X, Z:fr|S]l3^»L.TM^Hr-y hCR. B R2a.t^;^ 

5aii3tga2 3(cr^-fe^-r^j;pt=^^Tv^&. 

Saaxx-i^ayi l(B!|c0lS4<0fflG4c0^®:x- 
>y htc]R-r'&^^'X-r>-i^H >CL--/h (EXT) 

-f) tc:i>T:7-feXT-^.2.<kotc^-:.ri'i|>. 
[ 0 0 3 8 ] 04 ti, ±tea#i5!M:i-- >y h 5 0 co«lB& 
fll3i«r*-r¥ffl@, EI5{iEl4tcfcVi-CX*|pi*»/5>^;t 
Brffla. 06{404t3tJV^rY:6-|6l*>^>a7tBrffiElT* 

[0039] C:cO^?fi!fl;a:x- -y b 5 0 cr,-y—X 6 8(C 
±'>xyNil!BMai«2 2«OjiBllr-A3&i'^^x>'N5-iiJA 
aj-r&;t*^o^pg|56 8a**ji^«$ix. ::<7)fflngC6 8 

[ 0 0 4 0 ] a.:::. -y b '^xyNWfiOjf ^gPS- 

mm-t^ X 0 fcn?x/NW?riR$-rs -y rc p tmm.^ 

iiTfe»), icO>!? yrCP{i, #|J3^<8«7 4tcJ:'9^l^ 

ifttfilBKSiX. ±•>xy^i}mSI^2 2i:<0S-C'>xv^ 

t/2^?^?S**;* -y re PiTJi'hastciiSiJtTffiMi-r* i i: S: 

[004 1] iiO;& y7-CPrttC{i, "^x/nW^^J^U 

T(lIte^-fr-£>:^f:xf-A'y:7 7 l*<iS(t^<XTV\^, .1 
iO>?.eyf-^-y:J'7 1{4, i-^-y^^yU-hl 1 at, 

-(j^^-vvi^rU— h7 1 aSr33#-t-l>ffitt7 Iht. 
CliOffitll? 1 b * mijg^-ti-l. 0168816^-^$' 7 1 c i; . 
^-v-y :7Tl^-N7 1 a(Ct5V•iT'>X^^W<0B^^^?:^f d 
M«r«fi»7 1 dt^:&-r4. ^fc. ^^•y^'7V-h7 

1 acOSffltCfi, 3£J^ey7 1 e (0413*31^X6® 
mm.lk^tlX}5*). C:i73'>xyNW{i,r£7)SJ#f>'7 1 



;itfOrpm— 5000rp m«Oliffl-C»WtC^T-i= 

(00421 f-v>y^'rW-b7 1 a<r)SiS3erortC 

a. '>xyNW<7)iBi««1f 7 1 d*^-iBiS^ix-Ci^-?.. c:^ 

T\ m5tzts\^xtEm<7>mMmi7 1 dti'>x^^w^« 

mi 1 dfi'^xyNWJ-fRl^L-TV^^Vii^t^SrS^LTt^ 
2.. ^-r-/^r\y-h7 1 afOT:^gBt;:»4. #K^>"J ^ 
^ 7 9 J: 0 #^^tg=Sr 1 titcoa^7"-y;U 7 2 i)^^ 
^ti. ::«oai^Tr-y;u7 2±tcfcv^TIK««S«}7 1 d 

2b*«^$ix-cv^s, #^vli:^^^7 9tcJ;-5-rS« 
7 2 b &±#$-t*-a fc agf?6*7 2 b*<SK«ta«7 

1 dtc-?-ix-?-'ixl^LTffJEE-r2.ri:l3j;0. m5<p:^ 

m<r>mmmm7 1 do j: a cc'^xyNWiosj^m^sr^^ 
jat:aig7^*7 2b^m$-^i,i;a^t^v^3¥i± 

SPWtiJ; 0 , ia5(t'^«!I^Oli!i««1i7 1 d(^j: 3(C'!7X 

[0043] A'yy°CPC0f^mm&SRI.Zit\^U-<y7 5 
ijt^i1rti,ixxi5 0 . X? yrc P|*l£OSP^Uf«fe#?B[^»J 

$ixaj:ofc^r^f fcO. ±'!7xyNjiiil|«|«2 2 tcOS 
T'cO't'xyNcriSttlS t <7)^{4Sf^2:l5i6 2>*-X{4i?±-r 
^ ^ t tc J: 0 , SttS L£0l^«0<iM6<J»f^lc J: Ol^^l" 
^ ^;Pc7)* -y rc P|*i^c05l#)2.A$rRS±-r'g> 

[ 0 0 4 4 ] ;<? /rC POffl!]:^gPW4, yXyP^lfHiia 
6 7 ic:f#«i$nf>:m 1 <OiSf*:tt*&/X;PT&-l)m 1 
>'xyX;P3 5Jlt>'gfe^yX;Ui: Lrfi028iEi|tyX;U3 
6i{)»'— {it:e<)lC3SM^«4 0(ClI^$nTV>^ , Ztli^co 
111 y y X/l^ 3 5 i; 2 m ^ X/U 3 6 t corB^cOffi 
iH4. Mx{f5inm~8 0inmfc$n-CV^S. 

[0 04 5] ms^mmtx, mi(r><JyxyX;i'3 5 
izii'j yx?K«*^j®3 9>{)»A.tt*&1^4 3 tT U yx 

^J;t.{^<a-X*f>'r 3 2{c<l: "3 >'X;P3 5*»^coSK 

/min—l. 2 1 /m i ni:$tlTV^S. 
[0 04 6] 2»K#:yX;W3 6i±. Ill7ic^pt-J; d tc, 
7 rS4 4 a^dif^ys'-y 7 r^4 4 i: . at?f^Sr 
B±ai-ri.ttaigC4 5t^WtTV>|.. -'N*>y7Tm4 4a 
tti^iji. {4'^vS14;i?X LTa*;<fX ^ SiS^ ^' y 7 r M 
4 4a i;«tjg-^^ ^^4^(7)M«;<?"x?ji[SS 2 8 1 . S^kSr* 
*&-rS7t*^0^8SES82 7*iJgfiE;$<X'rv^S. ttii5SP4 5 
t{4. /N' y y tS4 4 atCt3ltSSIg;!rx«ESS2 8«0atS 

*) ^S^t^ J: < '>x/N±tcttai-ri.it«>cOgS[884 5 a*< 



[0 04 7] [a6Sr#HgLT, C:fxA>IS 1 y;^^^ 
}U3 5b X;U3 6 i; $ril^t/Cjii^SI5*f4 0 

/ X;l^i^T-A 7 7 tClR •? Wtt '^>iiT V . i 
0«j^T--6«7 7t±. mtf;^7" y t-y:7'^-:J'3 8tC 
J; OlSKir- 03 1 SrtfrLTSBt&^'S.'^yPh 4 1 

SKJSfiSmm/s e c~l Omm/s e c fcS^rTV^ 
^a. «1^r-A7 7{4, 0*L'3rV^#l^«lc<J: 

(00483 iieHItelElft^:-:?' 7 1 c cOHfeSfc, 

-x-tryr 3 2<50#i!ji&i/xxy ey^'^-^ 3 sco 
Il«EIS(4*Jffll3l3 3k:J: m^mztsam^lxi,^^ ti^t 
oTfc 0 . mUi^^T-J^ 7 7tf0f^ti)3[JS{^^O'V^T 
IS 1 CO U y y X;U 3 5 4. 'J >'X?setif&42:g! Wlc: 

I.. 

[ 0 0 4 9 3 >5f y rc pcoi'HiigBtct , ±Mm 1 <oi; 

y;^; y X/l/ 3 5 fc (Sl^tc, '>x>'NW±t;?gf*:S:ett&-ri. 
H 2 cO?S«£^*&y X;t^cr)T'$> .5. ^ 2 CO y y X;U- 8 3 
ji>l£a$*iTV>-&. <i«oil2coy>xyX;L-8 3*»4> 
(4. y>X?«i:LTM;c{fil***«fit«&$irS. C:<0lS2 
coU>xyX;U8 3{4, «^ • :*ri6]PI®i«S«8 5lcJ: 

[00503 .IZX. ?Sf*:»JSyX;U7&»/i,{4. fi?IJx«fafe 

ijfe^?gAnsKg^^tf^, fg#:**&yx/u*>^,isit 
tLxi^mm^it^. 

[ 0 0 5 1 3 iJjl;:, J'XmBBU:^c^^Ui|^Kj!&S>'X-rA 

[00 523 ^-f, ;^?-fe>yhX7^-i^3>-l OlCiaV^ 

»>xyN^«s2 b®^^ 2 0 JiCOSaaiu 

con?x>'NSrlRStTV^.&*-fe y hCRtcr^'-feXUT. 

^jtyhj.-^yh (ALIM) {3tt}m$*tl>, ZCDTy 
y h ( A L I M ) ICT ^JiJ\^<r>^m.-^h 
^is^nhtitzm. ±'>xyNjRilHiS«l2 2 0 -^x^nW 

(4. 'JyN*->5.JL- -y h (RVS)A^^$iX. •>acv'Mc 

^5V^T7'>'^'-f X*<J^i£$ixS®T'S)i.^ffi*<Ttc=5:& J: 



!(7) 003-203892 (P2003-203892A) 



•y h 5 O^aKM^ii, SEi{|iJc7)j?fe}^5{iil*«fi^i5ix.|.. ^ 
iOf^. ||t>''>xyNWt4!Jys;-^ji-:^-y h (RVS)-^M 

#3!n,a:i-- -y h 5 0 A.«BM?ttm^Ogfejf J&ffl*>'?fi:>n 

f^t:«t??i-& J: a L-T t J: v\ 
[0 053 3 LT. a^tcTHt-i^'g VJL-.yh (A 

D) ^mm^tiM^mmMt^nhti. {xv^t-^^-uv:/ 

y b ( C O L) tTB»f«c7)?^a]Saffl*i^f *>tt^ . ^ 

cOf*, l-£/XhM*3!aS:i--y V (COT) lc^$ 

Vi?' >yb (PREBAKE) T-F9f^<0 jDiajiaaji* 
^ri^n, ^-0yy::3--'yh (COL) izfct^TJ^aiJft 
Ji^n, -?-c0fi'>XMMM»2 4tcJ:'?-< ^'rJ'-^i- 
^ggl 2^^J-LTiaS^L'5rV^^7t^^t3j: Oli3BaS*< 

- -y b ( D E V ) t^asM^ixT JI®^!la>&^^T^^i^. 

x:J';?.-f>->'3:^J---y h (EXT) i:^LX:>(>-t-y h 
ya.- -yh ( P O B A K E ) J: O Jllf»y!jra*<ffi:>ilS 

[0054] iXiz. mmm=L- V h 5 0 tcfctt^iJtri^ 

3i!!atcov^TllI8fcS^-r70-Sr#BSL'3r5&*^>^Bfl'r 

[00551 $t-r. Xtf >y 7 1 iOx^NW*^^ 
(tSSit. CKO'^xyNWco^^SrSa J:-5lc;>-yrc 
P*^'±^-t.g). <J:tC2^#cyX/U3 6*p''>xy\W04'^C.^ 

±(3{agf &J:atc. 2m#:yx;^36S^/'J>'xyx 

;U3 5*^i6L (XT^-yri) . 09 (a) tcSt-^J: d 
iz. C(?5i^yX;ki5D{ji^*^A>gfeft?as.z/'J>'xaSi7)Rt£iJ 
SrlBifi-r^tfcttc, •t^xyNWjgifgp^S^iSilcfflyX 
;K7)^Sft*«Ba*&Sti'& (Xx yr2) , CLtxtl^ 
B#t;'>xyNWc7)|lHKS-^4§-rS. ^fc, '<r>^:iiJ\Vfcr, 

^m.m^tk(z'y\^Xl>i, m.»ms.x/vy:^m.cr>atiiimit^t 

[00563 iJ:*::. 139 ( b ) CiK-fi d ic. 2?my 
X;u 3 6 i^n^xy NWjg||!g6#)fitc:^» L-C ^ 
C:<028fE«:yX;U3 6*»^>ia:{ti$tL3tJSfe;^tR**;& vrc 
P iOrtffliT-l^^ajS 0 , S :^ ^r>T n^x/NWco^i't^ 
M'^mixmm-^. L*^t, c:^-C"jyxyX;U3 5 
tci'5yi^x?S^'>x>'NWCc«*&tTiK7j<tt<o?fi?M. -r 
^i>h7iim5 1 ^?BBKLT^^■^>!t^^. * yrcptc#« 

^ttc^r*. L*»t. *M5 l±t3Sxh*{f+«LTt> 
•^x/Nffltcit^ 5 ;^ b **ftlfr & *)ttTi4^rV %cOT. >> 
x>'NWlcS^SSrS(3r-rfc-fix*^=5r<, iJt. 
. 5 l±^^#«L/^Sx^(i:lIII£-r&'>xy^w<7)ia;|:^:bt^ 
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[0057] CL(r>m. 119 ( c ) (C^-f j: o t-. 2^ 

X/U 3 5 . 3 6 2r * y r C P Oi'UBJlcES? -t^r. <Ji:t-0 
9(d) fc^-r J; 3 tc, PJi.lf'^^xyNWS: 4 0 0 0 r p 

[0 0 583 <ri-c*IIMiJ^.^t:isv^Tt±. 'JyxW.<^ 

U yX^cOgS* 1.0 1 /m i n 

M^Xyl^cO^tft^fj^ 6 mm/sec 

•^iyNiOlelteSS: 1 3 0 0 r p m 

wmLtzXoiizz^mtmmx^i. '^x^'NwoiiUKStiii 

3 00rpmkL3tA<. CltlJ: "JW^^ < T t:*;* <T t 
iV%, t*>L, '^'a:>'Nl5I|g|gt$r30 0rpmJ:OWN:?< 

ffi^S«®t^o-CLidtfO-C, 300 r pmliUbt-r 
[00593 JjLhcOj: p fc. J:nfi\ n^x 

[ 0 0 6 0 3 , m^Lxw^m^^^'th 2m>' 

XVl^3 6cO'>x>'\43/C.x«lc. U>^xyX;l-3 55rieS 

^^^^^ft*S'>x^^^;«*&S^^S^a»J: Oij'^xyNti^.il^ 
»c'J>'X?8t5:flfc*&-ri>J:3tcL3t<7)T, 0«x.{fia9 

(b) - (c ) tc^-tidt^. 2myXyl-3 6Ai'>x 

yX;W3 6lciS^LJtU>'xyX;U3 5(i, ®ox^n 
JfiggS^^U>'X^S$r«^&LT?g^lR?rffMtTV^S. fi!^ 

mzt -/rc p*^^><osfefc)i>5 h*i^v'>'>xyN 

[006 13 CICIT. 01 O~01 3Sr#BgLT. 
<7)j:d(=2g£f4cac?¥}Scota:tiico;£^tcJ:&a?f5fiSt , 2|s 

msmm<r>x a u ^xjR^ttj&LxjKissr^fiKu^c* 

^ ^)V<r)W.i:^ (010, 11) at/tiia* (H i 2 , 
13) s:JtiSL-c^?.. ^::^^s<nwmm7m)immi 

ktcov^THS^iSrffofc. t:^^, 01 0 —IS 1 4 tiJ V> 
T«flllJi2dS«sy Xyl.l:i5(t'i.M»^xcoS[fit:'J> 0 . 

[ 0 0 6 2 3 0 1 0<±, Il;d<14c0'>xystc-:>V>-C^ LT 
J3 "5 , ^'XjRffiJ&cO^-iE-C/^-x ;K0K«^(i{5 

^b{±=5ev^. t:LbtK 01 1 tc^-f J: 3 m^KISon^x 



Xc7)gSt**«6 0 N 1 /m i njyjit:t>V^T>'N°-7" -f 

<7)giEfi{i6 0N l/m i n—lOONl/mi nkfS 
ii:*W^L<. IttCSON I/mi nCO^•&fc:©t>'^• 

[00633 ^ 0 1 2at;f0 1 3(i, 
\,zn^h -^x/N 1 ♦Jc±co>'N—' r >f ^ )l'<^M^u&^7sk LX 

0 . mm^^s^miiti^tim 1 o&txs 1 1 1 iiai 

[00 64 3 yets 14 *#HSLT. 'J>xyX;P3 5 

<7)'>x7^±c7)^t!J^4'^c^3v^T, uyxjgto^fi, 

xyX;^3 5c0^»2« ( = 2giE*yX/l^<?)^«j3IS) 
X»i:'>x>sW(7)IlB6^S'i(jWfc^-r**&l:o(<^TiK 

[0 06 5 3 0y;i{±', 'JyJxm(OmMi'^^bL. vy 
XJX)V3 5<0^«jJIflLRt^'>xy\|B]|E||ic5r-Si:-rS 

'^:sif\^>hmzm^^fL^^)yxm(r>WAX'^i^^ 

< -fh . -mmmt Lxm 14(a) tc^-r i o 

mx.\l^'(MX'0 . 5 I /m i n k ^i®9!T'l . 2 

1 /m i n t LTv^-S. <roJ^, ^'xyswojaarj^** 

^(Df^'t'^tmrns^tx-m^ji^tfi. z<7iXdizvyxm 

(!OgS»?:^;t S ^ k X\ '>xysMJi«0»ei^|iJS 0 tfl^ 

y ^'XjgcOfitf^i^tt'vCsgEt i^^gp t -c-iTJtW 

X;l^3 5<7)^|j)jt4»tCfcV>-CMx.(f 2SPgTtt*^a&nr 
S!tTt)J:\-'>L. 3gPglJLhT^'5fCO. 5 1 /m i n 
**^>1. 2 1/m i ni^T■•■5r^LTtJ;V^, 
[00663 U >';z.yX;P3 5 eo^ift^j^Sr 
t U >'X?a[fi0fit*&4atX't?xyMieatjg5:-^t-^ 
1.^®-^, '>x/NWco)iMig5{cU>'XjR*<ftif&$fL^t§ 

U y X y X;w 3 5 ^oiSS^ . -^xy ^«1^c^gc^^flfc^s $ 
4i:#cOU>'j:^yX;P3 5<J5jSJKiOt/h$<-rS. — 

mrnmmt Lxm 14(b) t^^^j: a tc. 

^•CTmm/seckL, J^MigBT 5 m m/ s e c k L 

msttTm^^ibK ziox'^izv yxjX)V3 3<7mm 

aLSSrSSt hZ.tX'^ '>xysM±co*©^ra^ D ^zm^ 

|i|tfc-r-&C:i:5!^'T#S. ^fc. ^ICOU VxyX/1^3 5 
<0^»jt4'lcfcv^TP<J;t{f2m-r'«l!jiSiK^^^LT 
tiV^L, 3gPB'm±T'#^l-7min/sec3&»<i5m 
m/s e c iT'nl^LTti J:V">. 
[0 0 67 3 yiJlC. -^xyNWcomiK^gC^r^^t L. U >" 
;^yX;P3 5<0#t!l)lJgS.t>'U yxJSc73«$&aS:-^k 

co-^x^NUKSISS: . ^:cjs^<tmz 'J yxM*««l#Sn 

14(c) Kr^-r J: 0 tc, 0iJi<f "f'C'SPr 1 5 0 0 r p 
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c:co'jy;^yX;k3 5<^^l^4'tci3V> 

T^Ji.{f2SPgT'|II!giS:$rnr^LTtJ:V^L, SgPg^^l 
iT-^-frtCl 50 0 r pm*»i^>l 00 0 r pm^T'^^ 

[0 0 6 8] jyJiCOidtC. 'Jx;^yX;W3 5cO'>a:vN 

c: 3: J: 0 . "fxy \<;o^Blcov^Tgfe#ttSgS:i^— tcT 
[0069] iXiZ^ 01 5~lll 8Sr#SBLT. IS2i7) 

[0 0 7 0] HI 5tct>v^T«. »icoy>'xyXyk3 

Loo, m2cr,^)yxyxn'83i,zxr)*j>xm.^m^ 

Jg^LTV^S. ^ilfciO, 2giE«syX;U3 6!6<'>xyN 

[0 07 1 ] 01 6ttiV'>Ttmi'0U>xyX;U3 5 
&ffifflUTV^^V^„ 5t-r> 016 (a) td^-Ti^l:, 
T^xy N <^.L''mi'Z 2 sfif^sy X/P 3 6 (:>mi¥W. $r tttU Lo 

^fL{±. 01 6 (a) l,Z7frrXoiZ. 2^WyX)\^ 

ij-'hX'ht, "^Lx^mz. 016(b) iz^.-tx. a tc, 

2m/X/U3 6 *<'>xy\WiOjgi^g?#3fi*-C»i& ti^c 

m\z^)yxm^imLmm5 itim^-ttztizi^, 
mi^m^xY(nim^m±x'%htbi,i,z. 01 sic 

[0 072] 01 7 (a) at/01 7(b) fctSV^Tt 

|glWU>';<.yX;P3 S^riSfflLTV-i^tV^. 5fe-r0 1 7 
(a) t^^fJidt:, 2Stfls/XVU3 6*^^>^fe?f?gSrii± 

y^m^^zii^mmsi^mm-h. -^lt, 01 7 

( b ) ic*-r J: 9 (c, 2fl5<*cy X;l'3 6 j&sjg^t*/.: 
t^l::, Ig2tf0y yxyX;U8 3<7)UyxS[«0tt{i{ftS 

T, u>-x?s«7?«*&(aa$:^xyNjg^#3fitc-ti.it 
[0073] 01 8«4, SSI , m2«oy y;^yx;i-3 

6, 8 3cDM:fir$:ffifflLTV^S. dco^-^-. 2«iEf>is/X 



yU3 6S.t/^|gi<7)>;yxyX;U3 5*<4"Oa5A^^|Wl^ 
icJni.Tm 2 <o 11 yxjX)V8 3 *^/?> t 'J 

[0074] 019&l^02Oti:. — 
^mS.i^X'rJ>^<r>±WM&'k7Hr^'mMBLV^lEWmX'h 
^r*5. 01 92il^02OtcfcV^-C, 0iat^'02lc 

tnir^m^mmtm-(r>hcni,z-:>\^xiim—con^^n 

[00751 5D^lXx->' 3 >- 1 1 cniEmmizli^ n^x 
yNW«oa:??t7)/2i6cr);3t?fJ!ia^->/b5 0AM^, ttJffe 
SBlCi-^^xy 2 2 A«m 5 ilT V ^ S . ^ coi"!? 

xysJ|RaaSfl|2 2tc|?!HgLT. ijfei*^Oimtc<£JS=6:^ 
jlffiSJL:z.yh (HP) m/i^&mm:i.--yh (COL) 
9 1 . '>xyNWS:*-fe y hx-f— ^-a i^l 0 fcJflSJ^-f 
-i^ayi 1 tcDiaTSttS-rV^yi^'j/g Vi- y h 

(TRS) St>''>xy\WiO*S$:R|K$-tJS 'J^N'-XOL 
:i-yb (RVS) 9 0*<i^ia$^1.TV^^. t/SJOiBlXr 

-1^3 yi icoirSiiltcJi. •smmmi^xr-J^2:^iifico 

iftf^ • ©JP^tT^ fci'XO^i- «y h ( E B ) 9 3 k® 

mm^-'y h (MB ) 9 4, m¥mm:^- y h 5 OT- 

(CTB) 9 2**EiS$ixTV>a. Ml3, 9BMXr-~iy 
g^l Uc(i. ^co^#§5<tDJt?f=Sr^?:r'>>-7o 
-f 'S)Jtto<^7ry7-f;U^'^— >yh (FPU) 95** 

[0 0 76] ^tfO<id^j5tf^5[Mi^XT-A2{4, ±im 
^B^^jaSi^xxA 1 J3Koxmtc:t>ttl);a?f *fflv-x 
•rAkLTffl^r^SC:t*^T■#'5. fl^iJxif, M^BS^X^ 
moXSk Lt»4, Xl,i§m<7)it'^if:^ 
2r '>x/ NW±tffi|& L , -^x/ NW«ffiT'<73Yt^RiEtc J: 
'5B'ra«OjiM2:Ji^^$-ti:I.CVDxe. n^xyNW^HJi 

XJ4X y ^ y^nmcomm'i'izm^Ltz'yj^^^im.^-t 

h fc^<rmW!im^X'TJ^ i: LTfflV ^1 i: 3&<f li: S . 
[00771 5:t>. *llt*?^MT{4, ^jfJaai^XT^A 
2^m«cco>'X7'At LTi%BBL;^^*>\ ±tB<7)CVDX 

gx'ffiffl-ri>cvD^a-^. xv^y-ij^xsTiiffl-r.!. 

x-y^y^^ilS^i:. iJt^iaa>'X7^A2i:5:^;x^'- 

[00781 immi\:xim'^\^f^%'smmz\iw^'^ 

[0 079] Mi.{±\ 09 (a) , ( b ) tc^tift?!'*!!. 
JlXStc:t5V>T, 28E(*:yX;U3 6*«'>xysWi7)4j,c.ffi 
a*»^>^fc?tfflE<0ttaj^BS4&t--?. k ^ ic, 'J i^xy X/U3 

Si)>t^<r>^)yxmoy»LMif^h^, P>li.(f09 (b) 

^-r J: a ic, 2Wi^yX)\^3 ^i)^^:tjswm.mzmzn 
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( a ) , ( b ) \,zyvcf^t nmz 'J yx}&^mikth 

JV3 6 if^^ NWcOjg^Wift * T-^IS tJt t^liZ.m 
[00801 iTt, HI 5, HI 6 (a) . ( b ) 211/^ 

[ 0 0 8 1 ] isdMymmx'it. mmt lt¥» 

[0082] 

[HI ] ^wm-mmm.\izgktm^mtM>'::^'r 

ixCOTfflHT'S)^. 

[H2 ] H 1 i,z7r^-tmfmiSim^^xf-j^<^)iE.mmx'h 

[H3 ] H 1 izn(i-mmM.9mi^:^'rJ^(^mmvh 

[H4 ] ^mm-misimiz^hm»9m:j^-v v<n 

[H5 ] H4(c*-rgte?t«iS^--y bcOX:fr|iij*»<bl,:^>: 
BrBH-CfeS. 

[06 1 mA>,z7F.-tmmm:3.--y v<r)Y-)j\^tpt:,nfz 

[H7 ] -'mmm\,z^i>2m.w/X)v<nwmmvh 
h. 

[m8]-mimmzgk?>rkmmi.mi:^yo-M 
[H9 ] ~^mm\,zg^i^w»msjMimz7Frrmm 
[Hio] |Jyx^g«fc^&<7):t*-c■■iS*14'>J^>'^<^''^°-r 



[HI 1 ] 'J>'X^SetJA(;r):tM■Ci»7Ktt'>J^''^<^>'^'-x 
[H 1 2 ] U >X^Sfltt&^o:tilT-|l7ktt'>X''^^0>'^•-r 
[H 1 3 ] 'J >'Xjgft*&cD^-^T'»7Ktt'>x>'N<7)>'N-— r 

[H 1 4 1 ^j^j-^^'t-'mtrntmb izaxrz . u ^-xgs 

[HI 5] 2dS#yXyl^i:m2cOU>'XyX;Wi:SrfiBffl 

[HI 6] HI sicfct-'T. 2m.wyX)V-<nff^mi^^iy 
t> U vx?R5re^J&L;t%^iO«ElffiH-C'S)& . 

[HI 7] 2m^JX1v^'o^)i^nm:^\^iz^<rm 

MH-C'J>-S.o 

[HI 81 miSi;fm2coi;vxyx;U£OM^rSr<ifflL 

[HI 91 -mmm.z'^hm»^i^:^^j^<r>mm 

fi£S:5^-r¥ffiH-C'J)'&. 

[ H 2 0 1 H 1 9 {c^f ;Sfe??5!Mi^X7^A<0^f4c|ifi!t2: 

3 3-wm^ 

3 4-/f^ VU—fl- 

3 5-micr>^jy:^/Xfi^ 
3 6-2m.i^yx)i' 

3 8-X7'«yt>'^^:-^' 

3 9-';vx?BE«»&M 

4 0-jlifeg|5tt 
4 l-'^^/Wh 

4 3-fi^if&« 

5 0-ffi?fj!aaJ---y h 

7 1 a-^'Vy^'7*V-h 
7 1 b--ffitt 

7 1 c-mmm^e-i' 

7 1 d -IK^Sfli 

7 2-)lfSx-:7'yi' 

7 7-yx;u«^r-A 

8 3 ••sB2<7)';yxyx;u 



it. 2) )03-203892 (P2003-203892A) 




28. 
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mi 0] 



[014 J 




60 eo 100 

N2SKS{NI/fnln) 



[01 1 ] 



160 



tSi^fky^er Pflrtlclent5»ffiitK 
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